This fourth edition has "more than twice as many formulas as any of the previous editions" and is advertised as "the most comprehensive table of integrals ever published." The main increases over the third edition have been in the tables of definite integrals of elementary functions (four times as long), and of special functions (ten times as long). But the chapter entitled Indefinite Integrals of Elementary Functions has also been doubled, and new material on special functions, e.g., Mathieu, Struve, Lommel, etc. has been added. On the other hand, some numerical tables in the third edition have been dropped, namely Lobachevskiy's function, values of f (n), and numerical coefficients involving factorials.
Because of its inclusiveness, one is tempted to refer to this volume as the definitive reference book of its type, but unfortunately it is flawed in several directions: mediocre printing, imperfect translation, and persistence in repeating errors that had been pointed out long ago.
Photographic reprinting is not bad if the proper care is taken, but some pages here, e.g., pp. 1065, 1073, are actually shoddy. (As an aside, when so much of the volume is photographic, and no authorization by the Russian authors is indicated, the reviewer is curious about the legal status of the copyright, and particularly the warning printed there: "No part of this book may be reproduced in any form, by photostat, . . . ").
Translation of a table of integrals might seem to make minimal demands upon a translator, but some crude errors are found here. On p. 909 elliptic functions are called "rational"
instead of "meromorphic," and are falsely stated to have "no more than two simple and one second-order pole in such a parallelogram." Statement 6 there is not expressed clearly, and in Statement 8 the stipulation of nonconstancy is omitted. On p. 933, T(z) is a "fractional" analytic function, and on p. 1074 it is alleged that an "uncountable" set of zeros of f (z) have been proven to have real part \.
Of the errors indicated in the MTE 293 mentioned above, about one-half of them remain, although now on different pages. Specifically, still uncorreeted are those 616 errors in MTE 293 previously on pp. 2, 24, 149, 186, 274, 301, 303 together with the erroneous values of Euler's constant and BSi. Particularly charming, and in a way a lesson to us all, is the erroneous on p. 938. The upper limit of the product should be 8, not oo. The persistence of this error should be an inspiration to everyone. For many years it continued as a misprint in Whittaker and Watson, and though it was finally corrected there, and referred to in MTE 293, it has managed to elude the combined scrutiny of Ryzhik, Gradshteyn, Geronimus, Tseytlin, Lapko, Scripta Technica, and Jeffrey, and that, in spite of the fact that it is so blatantly false that no mathematician examining it with even casual attention should fail to note that an error is present.
In summary, then, we have a mass of useful information here, but the editing was not of that quality which it deserved.
D. S.
86[F].-Carl Friedrich
Gauss, Disquisitiones Arithmeticae, Yale University, New Haven, Connecticut, 1966 . Translated into English by Arthur A. Clarke, S.J., xx 4-472 pp., 24 cm. Price $12.50 (paperback $2.95).
Several years ago [1] , the reviewer had occasion to emphasize that Gauss's Disquisitiones was still not available in English. At the suggestion of Dr. Herman Goldstine, Professor Arthur A. Clarke, S.J., now offers us a translation, and thus somewhat rectifies this 165-year-old anomaly. For this, English-speaking mathematicians will be somewhat grateful. We say only "somewhat,"
however, since the translation has unfortunately many defects: peculiar and inaccurate terminology, awkward and undesirable notation, some serious typographical errors, and frequent confusing and inadequate translations. Of course, these are serious chargeswhich must therefore be documented. Here are some samples.
On p. 168, instead of convergent fractions, we find first approaching fractions, and two lines later, approximating fractions. On p. 342, trigonal numbers replace the usual triangular numbers, and on p. 360 we find middle determinants instead of mean determinants.
Many similar peculiarities exist. On p. 240, we find equation (I) referring to four equations; on p. 360 only one class means only one genus; and on pp. 373-374 one finds two examples with inexplicably contradictory terminology: the first, which (correctly) has four positive genera, is immediately followed by the second with eight positive categories.
For awkward symbolism see/ on p. 162, the undisplayed (I): (1), (3), (5), • • • L ■ ■ ■ on p. 170, etc. Unlike Gauss, and (all?) modern writers: Mathews, Dickson, Cohn, etc., Clarke (p. 265) uses 4-instead of X to represent the operation on classes called composition, and thus, for example, he writes 2K instead of K for the duplication of a class. This is not only historically wrong, and at variance with customary usage, and in contradiction to earlier symbolism on, say, p. 258, where F is transformable into ff , but it is intrinsically wrong, since, again on p. 258, if a is represented by / and a by f then their product aa is represented by the composition class F. Further, this unfortunate symbolism destroys the artistry of Gauss's presentation, since he is clearly suggesting an analogy between the classes of forms under composition with the earlier residue classes under multiplication modulo mwith analogous primitive roots, order of the groups, etc.
Typographical errors that could well cause difficulties are, say, D = S50/2, 1550/2, etc. instead of 850?, 1550^, etc. on p. 359, and m-\/(0 -n) instead of m-\/~D -n on p. 364.
For inadequate, false, and/or confusing translations, try these: "unless the congruence" and "But this omission," at the top of p. 4; and "vague computations," at the bottom of p. 5. Again, the statement of the reciprocity law on p. 87: "which, taken positively," etc. is certainly ambiguous. Garbled, and quite misleading, is "That is, there is only a small number ..." on p. 363. Beside these many new defects, nothing is done to correct Gauss's own rare notational discrepancies, or his even rarer actual errors. Thus we find AX' -\-2BXY 4-CY2 ■■■ F, Ax2 4-2Bxy + Cy ■ ■ ■ (F), and F = ax2 + 2bxy + cif, on pp.
116, 123, and 220. On p. 363, Gauss's error stating that there are 27 determinants with classification IV,1 is still present. Actually, there are 26, and Gauss is presumably classifying 99 as IV, 1 instead of the correct IV, 2.
On the positive side, the volume is very nicely printed on good paper, and it includes many additional notes by the translator, mostly consisting of the exact titles of Gauss's many references. He also includes Gauss's Handwritten Notes, which are not given in the French edition [2] . These indicate the dates of Gauss's many discoveries first published in his book. Finally, there is a List of Special Symbols and a Directory of Terms, but these, again, are not as well done as would be desirable.
For all that, any translation is better than none, and no doubt this volume will introduce many students to Gauss's work. The reviewer must say that he is pleased to own a copy, even with its many defects. It can be best used if the reader also has access to a European translation, say [2] , for purpose of comparison.
Anyone interested in Gauss's work would do well to examine Mathew's Theory of Numbers [3] , since, of all textbooks in English, this is the one most in harmony with Gauss's subject matter and treatment. Also of value here is the chapter by G. J. Rieger in the Gauss Gedenkband [4] . Free tip to publishers: This last volume should (also) be translated into English. As luck would have it, this may well be a perfect translation, and appear in much less than 165 years.
D.S. The first of these two publications contains a table of the rank of apparition (here called "entry point") in the Fibonacci sequence for every prime to 48163, inclusive; the second contains a continuation to 99991, inclusive. Inverse tables are also presented, which together permit the identification of all primes less than 10 that correspond to ranks of apparition, Z(p), less than 10', arranged in numerical order.
The tables in the first book were calculated on an IBM 709 at the Computation Center of the University of Colorado; those in the second, on an IBM 1620 at the Reed College Computing Center.
Previously published tables of such information are quite limited in scope. That of Kraitchik [1] gives (in different notation) the value of (p -e)/Z(p) for p < 10'', while that of Yarden [2] extends to all p ^ 1511. Here, according to a well-known theorem of Lucas, the quantity e is equivalent to the Legendre symbol (5/p).
The first volume under review contains a discussion of the relationship between the entry points for the Fibonacci sequence and the Lucas sequence, and illustrations of the application of the tables to the factorization of members of both sequences. Also included in the introductory material is a brief discussion of the periods of the Fibonacci and Lucas sequences with respect to a given prime modulus. A list of four references is appended.
The list of typographical corrections appearing on p. vii of the first book should be increased by three additional corrections noted by this reviewer upon making a single comparison of the published tables with the underlying manuscript tables of Mr. Wunderlich, which were lent him by John D. Brillhart. Thus, on p. 16 the value of Z(p) corresponding to p = 26459 should read 26458 in place of 26459, on p. 25 the value of Z(p) when p = 44071 should read 8814 in place of 8614, and on p. 41 the argument Z(p) = 8968 corresponding to the entry p = 17737 should be replaced by 8869.
The editor has informed this reviewer that the tables in the first book were typed from the printed computer output, thus accounting for many of the typographical errors present.
On the other hand, the tables in the second book were printed directly from the computer output, so that such imperfections appear to have been obviated. Moreover, the entries in the second set of tables are arranged systematically in blocks of eight lines each; this results in a more pleasing appearance than that of the first set, where no similar separation of the entries occurs.
Finally, it should be emphasized that these two volumes represent a major contribution to the numerical information that is available on both the Fibonacci and the Lucas sequences.
J. W. W. with 0 ^ x < 101" and -104 < k < 0. Table 2 : The 3223 solutions of (1) with 0 < k < 104 and the same range of x. (Actually, there are no solutions for 9989 < k < 104.) Table 3 : The number of solutions for each k in the previous two tables. (Although the text indicates that k = 0 was not done, it appears that it really was, since we find here that there are 2155 solutions for k = 0, which number is, in fact, [1010/3] 4-1.)
Most previous authors have used the notation y1 -k = x3, and it may be hoped that the present changes will not cause too much confusion. However, perhaps that is too much to expect, since even the authors write "for 0 < k ^ -100, all solutions of ( 1 ) The data in Tables 1, 2 , 3, and 5 are accurately rounded; however, Table 4 contains errors attributable to the discrete approximation in the maximizing process. For p > 0.8 the tabulated values of p¿ are accurate to 2D; for 0.7 < p ^ 0.8, p; is accurate to 3D; and for smaller values of p, the maximum error in p¡ is 5 X 10-4.
The coefficients B(i) are exact in the sense that they give the minimum-variance unbiased linear combination of the order statistics which are chosen according to the table.
The underlying theory, the algorithms used in the tabulation, and a list of previous publications may be found in a paper by Sibuya [1] .
Authors' summary This volume contains two tables : the first, occupying 320 pages, consists of 7S decimal approximations to the real and imaginary parts of <p(x + iy), the logarithmic derivative of the gamma function, for x = 1(0.01)2 and y = 0(0.01)4; the second, occupying 40 pages, consists of 7S values (in floating-point form for positive exponent) of the real and imaginary parts of the derivatives ^M(x -\-iy) for n = 1(1)10, x = 1(0.1)2, and y = 0(0.1)4. No tabular differences are provided; however, interpolation with second differences is explained and illustrated in the introduction with the aid of a nomogram.
The real and imaginary parts for any argument appear on facing pages, with six tabular columns of 51 lines each on a page, the last column being repeated as the first column on the following page. This format was adopted from that in the tables of Abramov [1] for In T(x -\-iy), to which the present tables are related, as noted in the preface.
The numerical evaluation of the tabulated functions outside the range of the tabular arguments is discussed, and a number of relevant formulas and series are included.
This reviewer has compared the tabular values herein for \p(x + iy) when x = 1(0.01)2, y = 0 with the corresponding entries in the 10D tables of Davis [2] , to which reference is made in the bibliographic list of 10 titles at the end of the introduction. It was thereby discovered that, with very few exceptions, there exists a consistent lack of conventional rounding-up of the final digit in the main table under review. On the other hand, this source of error was not observed in the values of the derivatives of \f/(z) for real argument, which occupy the first line throughout the second table.
As a further check, this reviewer also compared the tabulated values of the real part of \¡/(l 4-iy) for y = 0(0.01)4 with the corresponding 10D values in Table II of the NBS tables of Coulomb wave functions [3] , and the same general lack of conventional rounding was again observed in the Russian table.
We are informed in the preface that these tables were computed on the electronic computer Strela. Presumably the observed rounding errors are attributable to a deficiency in the computer program. It is interesting to note that no other tabular discrepancies were observed.
The present attractively printed tables are by far the most extensive of their kind, and accordingly constitute an important accession to the growing store of mathematical tables. It is to be hoped that an emended edition eventually will be forthcoming.
J. W. W. Let g(a, x) = ae~x J0 f~ ext dt and G(a, x) = -aexJ1 ta~le~xt dt; then this report presents 5D tables of g(a, x) and G(a, x), the first for a = 0(0.2)2(0.5)5, x = 0(0.1)2(0.25)3(0.5)5(1)10, and the second for -a = 0(0.2)2(0.5)5 and for a; as above.
In an introduction the author discusses the properties of these functions and the procedures followed in the calculation of these tables on an IBM 7090 system. Methods for extending the range of the tables are also described.
The author alludes to the application of the incomplete gamma function to the solution of problems in statistics, radiative transfer, and the kinetic theory of gases. A list of nine references is appended to the introduction. Additional information concerning these functions, including related tabular data, is presented in a treatise [1] 
where In(z) is the modified Bessel functionof the first kind of order n, for the following ranges: to = 0.1(0.1)1,2 = 0.1(0.1)1 for Yx, Y2, G0, ©i ; w = l(l)z,z = 2(1)20 for Yx, Y2;w = 2(1)20,2 = l(l)u>for@0, @i.
LommePs functions of two variables are usually represented by the symbols U"(iv, z) and Vn(w, z); these are related to the above functions by the formulas Yn(iv, z) = iTnUn(iw, iz) and @n(w, z) = HTnVn(iw, iz The integral in the title is tabulated to 8D for n = 3(1)100,6 = 0(0.1)9. Previous tables [1], [2] have been limited to the case 6 = 0. The method used in computing the present tables has been described by the author in [3] . In a marginal handwritten note the author notes 12 rounding errors detected by a comparison with the earlier tables, which extended to 10D. The presence of other rounding errors in this table is alluded to by the author; some of these are obvious among the early entries.
Apparently no attempt was made to edit the computer output constituting this table; for example, the fact that In(b) = 0 for b S; n could have been used to reduce the number of entries shown for n i£ 8. Furthermore, the obvious rounding errors referred to could have been removed in an improved copy.
Despite these flaws, this J,f ((sina;)/a;)"cos (bx) dx," Math. Comp., v. 19, 1965, pp. 113-117. The computations were carried out on a large-scale digital computer. It is stated that the Gaunt formula, which gives the integral of the threefold product in closed form, was not suitable for programming. Rather, the integrals were obtained in the following straightforward manner: The Legendre polynomials Pi(x) are generated by means of the recursion formula. The associated polynomials P™(x) are obtained by m-fold differentiation. Then three or four of these polynomials, (1 -x2) to the appropriate power, and the normalizing factors are multiplied to obtain the integrand ; the indefinite integral is taken and the limits x = -1 and 4-1 are substituted.
To the reviewer's knowledge, these are the first extensive tables of their kind. Previous computations involving the integral of three associated Legendre functions have tabulated either the Clebsch-Gordan coefficients or the 3j'-symbols, which are these integrals multiplied by certain other factors. These companion tables consist of 10D values (without differences) of the elliptic integrals of the first and second kinds, respectively, in Legendre's form, namely, F(0, k) and E(6,k), for 0 = 0°(1°)90° and arcsin k = 0°(1°)90°.
The authors have informed this reviewer that essentially the same subroutine was used in computing these tables on an IBM 1620 with 16-digit arithmetic as was employed in the computation of their published tables [1] of elliptic integrals, wherein the modulus serves as one argument, rather than the modular angle as in the present tables.
It is interesting to note that these new tables in range and precision resemble rather closely the celebrated 9-10D tables of Legendre [2], [3] , which may now be considered superseded after more than a century.
J. W. W. Using the notation of Byrd & Friedman [1], the authors tabulate 10D values of the product K(k)Z(ß, k) of the complete elliptic integral of the first kind and the Jacobian zeta function, for ß = 0°(1°)90° and arcsin fc = 1°(1°)89°. No provision is made for interpolation; indeed, interpolation to the full precision of the table is not generally feasible because of the large number of successive differences that would be required in both arguments.
By means of the well-known relation K(k)Z(ß, k) = K(k)E(ß, k) -E(k)F(ß, k), the tabular entries before rounding to 10D were derived from values of both complete and incomplete elliptic integrals of the first and second kinds that were initially calculated to about 16S by use of double-precision arithmetic. (See the preceding review. )
Errors detected in the corresponding 6D The Heuman lambda function, usually designated A0(a, ß), is the product of 2/x and the complete elliptic integral of the third kind, namely r'2 1_d<j> Jo 1 -p sin2 <f> \/l -k2 sin2 <p ' in the circular case, fc < p < 1. The variable a is the modular angle (so that k = sin a) and the variable ß is defined implicitly by the relation
• 2 // • 2 , 2 2 "\ p = sm a/(sin a + cos a cos ß).
The authors adopt the notation Ao(0, k) in the present 10D table ; thus, the range of parameters can be expressed as 0 = 0°( Io)90° and arcsin k = 0°( Io)90°. No differences are provided.
These tabulated values of the lambda function were derived from the computer data underlying the authors' 10D manuscript tables of the elliptic integrals of the first and second kinds by means of the relation \o(9,k) = (2/ir){E(k)-F(e,k') The electrostatic energy of a crystal structure, assumed to consist of positive and negative point charges ±e, is proportional to e2/a, where a is a characteristic length, e.g., for cubic crystals the edge of the smallest cube of periodicity (the "cell"), or the smallest distance between charges. In the expression of this energy, referred to the cell or to a neutral group of charges, the "molecule", the factor of e2/a is called the Madelung Constant (here denoted by $). Its value is given by a lattice sum over the reciprocal distances of atoms in the structure; it depends on the structure, and, in a trivial way, on the normalizations mentioned above.
Beginning with his thesis with M. Born ( 1922) the author has used a specialized brand of Epstein's zeta functions for expressing the constant, namely Since, in a number of simple cubic structures the atomic positions are fixed by the intersections of symmetry elements, only multiples of a/8 occur as the atomic coordinates, and only a small number of arguments of LT occur in the expressions of i/' for these structures. This leads to linear relations between the \p, as has been discussed in an exhaustive way by Pinhas Naor in Zs. f. Krist., v. 110, 1958, pp. 112-126 . In the present paper the author deduces the relations 2>A(ZnS) = 21A(CaF2) + ^(NaCl) = 2[2^(CsCl) + *(NaCl)] and 2^(CaF2) = 4^(CsCl) 4-iKNaCl) = ¿(ZnS) 4-2^(CsCl).
Numerical calculations have previously been carried out by Emersleben for (NaCl) to 15 decimals, for a value of order 1 ; now t^(CsCl) is added to the same accuracy. The calculation is done in two parts in the way first used by this reviewer. The exponentials were first taken from the tables of Hayashi In Table 1 The latter is called a generalized Gauss function or hypergeometric function, and where no confusion can result, is simply called a p Fq. If in the above p Fq, a numerator parameter is set to unity and the summation index sums from -°° to °o , then such a series is called a bilateral series. It obviously can be expressed as a combination of two generalized hypergeometric functions. The pFq may be generalized by considering an obvious generalization of the double series
to an arbitrary number of numerator and denominator parameters. These are known as Appell series or functions. We can also have triple, quadruple, or multiple sums which are known as Lauricella functions.
The theory of the p Fq is fundamental in the applications since many of the special functions (Bessel functions, Legendre functions, etc.) are special cases. Appell and Lauricella functions also appear in the applications.
A different view of the problem of generalizing the Gauss function was adopted by E. Heine. He defined a basic number asa, = (1 -q")/(l -q). Observe that aq -> a as q -> 1. Heine defined the basic analogue of the Gauss series as 2*1 (o, b; c;q,z)
(1 -g«)(l -</c+1)U -9)(1 -<f) | g | < 1, so when q-*l, the latter approaches 2 Fi. The Heine series and its natural extension to a similar type series with an arbitrary number of numerator parameters and denominator parameters are basic hypergeometric series. We also have basic bilateral series. Most of the applications of the q concept have occurred in the field of pure mathematics, particularly in number theory, modular equations and elliptic integrals. About two-thirds of the volume is devoted to the Gauss function and its generalizations as previously noted, and the remainder to basic hypergeometric series. A survey of the contents follows. Chapter 1 treats the Gauss function. A historical development of the function is traced. Some of the topics discussed are Rummer's 24 solutions, integral representations and analytic continuation. The generalized Gauss function is taken up in Chapter 2. Here there is considerable material on the 3 F2 of unit argument and other special summation formulas. Products of hypergeometric series are also considered. A generalization of the pFq known as Meijer's G-function is referenced but not discussed. Our casual reading has revealed several typographical errors. In formula (1.1.1.3) on p. 3, (a)" should be replaced by (a)n/naY(n). On the same page in (1.1.8), °° in the integral limits should read t». On p. 17, the right-hand sides of (1.5.6) and (1.5.8) should read (sin az)/a sin z and (sinh az)/a sinh 2, respectively. These and possibly other imperfections aside, the volume contains a wealth of information and should be most useful to pure and applied workers.
Y. L. L. This is a rather comprehensive reference of Laplace transforms and their inverses and should prove useful to pure and applied workers. The volume is in two parts. The first concerns direct transforms and the second inverse transforms. In the presentation of a large list of transform pairs (there are over 3,100), it is of utmost importance to arrange the material so that a result (if given) can be located quickly. Obviously no list is complete, since a table of integral transforms is by its nature infinite in character. To provide quick access, the authors have developed an index system which is not too much different from that used by Erdélyi et al., that is, A. Erdélyi, W. Magnus, F. Oberhettinger, and F. G. Tricomi, Tables of Integral Trans forms, v. 1, v. 2, McGraw-Hill Book Co., New York, 1954 , see MTAC, v. 10, 1956 . The volume under review gives the definitions of the most common special functions. Code numbers are assigned to various types of functions and it is this reference system which permits location of a desired transform. Thus, for example, code numbers 1, 2, 4, and 10 refer to algebraic rational functions, irrational algebraic functions, exponential functions e , of and Bessel functions Jv(x), Yv(x), respectively.
Thus Since the date of the Erdélyi et al. volumes referred to, numerous papers and some books have appeared in the literature on transforms and related topics. However, only six of the eleven items given in the present volume date beyond 1954. A notable omission is the absence of Meijer's G-function, though MacRobert's F-function is listed in the function definitions.
In a work of this kind, it is inevitable that typographical errors should occur. A casual reading has revealed several blemishes. On p. xxi, there is given/™ m_1/"(m) du where Iv(u) is the modified Bessel function. This integral does not exist unless, of course, °o is interpreted asi« . See also p. 104 formulas (6), (10). In the list of function definitions, there is given the so-called Schlömilch function, which is better known as the incomplete gamma function. On p. 115, for formulas (3) and (4) and p. 220 for formulas 125, 126, the condition given for the validity of an integral reads R(s) > 0, whereas it should read R(s) > 2~213. Actually, the result is valid for
A natural question is whether the present compendium is more detailed than that of Erdélyi et al. I do not think so. It must be remembered that the latter reference gives, in addition to Laplace and inverse Laplace transforms, Fourier sine and cosine transforms which are essentially Laplace transforms, and exponential Fourier transforms which are in a sense two-sided Laplace transforms. They also give Mellin and inverse Mellin transforms which are virtually two-sided Laplace transforms. We do not find in the volume under review references to the two-sided Laplace transforms. Further, the Erdélyi et al. volumes give Hankel, J, Y, K and H transforms and, of course, many of these are Laplace transforms.
In any event, we find the present volume very usable. Certainly for a tome of this size, the price of $6.75 is quite reasonable. This monograph gives an up-to-date, essentially self-contained, treatment of the problem of absolute stability of closed-loop control systems. It discusses in detail the sufficient conditions based on the construction of suitable Lyapunov functions as well as Popov's sufficient conditions utilizing Fourier-transform techniques. It is the first such monograph written outside the Soviet Union, by an author who has been for more than two decades the main force in making Lyapunov's approach to stability theory widely known and used in this country.
The book consists of nine chapters and two appendices. The first chapter is introductory, the last contains supplements on Jordan canonical forms, Lyapunov's matrix equation and the basic stability theorems. The construction of a Lyapunov function is discussed in Chapters 2, 3 for the case of indirect controls, in Chapter 4 for direct controls and in Chapter 5 for systems represented by a single equation. Discontinuous characteristics are briefly taken up in Chapter 6. The theorems of Popov are stated and proved in Chapter 7, and compared with the preceding results. Chapter 8 concerns essentially a strengthened version of a lemma of Yacubovich from which a somewhat less general necessary and sufficient condition than Kalman's is deduced very simply. The appendices give an application of multiple feedback control and an example from the theory of nuclear power reactors. The book closes with a bibliography of the most important papers and texts on the subject.
H. A. Antosiewicz The present volume consists of five contributions. The first article, "The Generation of Lyapunov Functions" by D. G. Schultz summarizes the methods of constructing Lyapunov functions for autonomous systems as proposed by Aizerman, Szegö, the author and Gibson. The usefulness and relative merits of these methods are discussed in detail and illustrated by numerous examples. A brief discussion of generating Lyapunov functions for nonautonomous systems is also included.
The paper by F. T. Smith, entitled "The Application of Dynamic Programming to Satellite Intercept and Rendezvous Problems," discusses the use of dynamicprogramming in synthesizing the optimal control and optimal estimation problem. A wealth of numerical data is presented for comparison purposes.
The article "Synthesis of Adaptive Control Systems by Function Space Methods" by the late H. C. Hsieh describes various control problems such as final value and minimum effort problems in the setting of functional analysis. It includes a general discussion of the minimization problem in Hilbert space, the steepestdescent method and its variants, and the least square estimation problem.
The The author is the English scientist (1881-1953) known most widely for his iterative finite-difference method of solving elliptic differential equations and for the criterion ("Richardson number") concerning the onset of turbulence in stratified shear flow. This remarkable book, published originally by Cambridge University Press in 1922, describes in detail a visionary plan for the numerical forecasting of weather. The numerical process is the solution of an initial-value problem by finite-differences, the initial data for which are to come from an international meteorological network. Richardson also works out a sample test case, calculating the value, at t = 0, of the time rates of change of wind, pressure, and temperature at a limited grid network in Europe. The results differ greatly from the observed values (especially that for surface pressure), and he concludes that the initial data then available are too inaccurate.
Although the book made considerable impression when first published, it then appears to have been almost completely ignored until the late 1940's, when J. Charney and J. von Neumann began the modern era of numerical weather prediction at Princeton. (None of the books on dynamic meteorology published before 1948 discuss Richardson's book, and only two even mention its existence.) Weather Prediction by Numerical Process was thus 25 years ahead of time in 1922. The technical developments of electronic computers and radiosondes, and the theoretical developments of atmospheric hydrodynamics and the concept of computational stability, were all necessary before Richardson's basic idea could be put into successful operation. Although the book's attraction today is primarily one of historical interest, it still makes stimulating reading for meteorologists and, I should think, applied mathematicians.
Its reissue now in an inexpensive form is therefore very welcome. Sydney Chapman has written an Introduction to this edition which conveys much of the dedication and passion which seem to have This monograph is concerned with the problem of stability of solutions of nonlinear partial differential equations of the form ut = L(u) + F(u), with boundary of tables and books conditions, where L(u) and F(u) are linear and nonlinear operators, respectively, involving u and the derivatives of u with respect to the space variables, and the order of the derivatives in F is lower than of those in L. Both cases, of one and two space variables, are discussed. The basic idea throughout is to illustrate how expansions in series of eigenfunctions (the eigenfunctions being obtained from the linear problem) with time-varying coefficients can be used to discuss stability (or instability) and oscillatory phenomena in the solution of such boundary-value problems, as well as to obtain asymptotic forms for the solutions. The discussion centers around the case where the instability in the linear equation is determined by only one eigenvalue. There are also applications of the results to some particular problems that arise in fluid dynamics and a comparison of his results with those of other contributors.
The author has certainly systematized this method to a point where in principle it can be applied to many problems, especially the scaling techniques necessary to determine relative magnitudes of the Fourier coefficients.
The book is fairly easy to read and should serve as a guide to further research in this area.
Jack We briefly report on this masterfully written volume on "calculus" for functions of a single variable, because of its treatment of selected topics in the field of numerical methods. The following subjects are presented maturely and in a clear, mathematically sound and practically useful manner: i. interpolation by polynomials (including the case of coincident points of interpolation), ii. approximation by algebraic and trigonometric polynomials, iii. computation of integrals (Simpson's rule), iv. calculus of errors, v. solution of simultaneous (nonlinear) equations (Newton's method, false position method, iteration method), vi. Bernoulli polynomials (numbers), vii. Euler-Maclaurin summation formula. Only topics iii-v are treated in the short separate chapter on numerical methods. The rest are interwoven through the main body of the book. Many other useful numerical methods are developed throughout the text, for example, the summation of series, and the evaluation of asymptotic series (not formally introduced).
I quote from the preface: "(The intention is) to lead the student directly to the heart of the subject and to prepare him for active application of his knowledge. It avoids the dogmatic style which conceals the motivation and the roots of the calculus in intuitive reality. To exhibit the interaction between mathematical analysis and its various applications and to emphasize the role of intuition remains an important aim of this new book. Somewhat strengthened precision does not, as we hope, interefere with this aim."
The authors succeed admirably in achieving this aim and we look forward eagerly to reading the second volume on the calculus for functions of several variables.
E. I. This tract is concerned with the automatic integration of systems of ordinary differential equations with initial conditions. First order and second order equations are considered, including second order with first derivatives appearing, and without.
Equations which must be satisfied by the parameters in Runge-Kutta formulas are developed in a standard way, and formulas are obtained for all orders up to and including fifth order. Additional equations are developed for parameters which can be used to determine the accuracy of the method, and this leads to formulas for approximating the last term retained in the Taylor expansion of the true solution. (The increment in the Runge-Kutta formula approximates the sum of a certain number of terms in this expansion. The new formula approximates the last of these terms, and can be used to keep the error below a prescribed tolerance.)
The formula for the last term can be evaluated only at the cost of a slight increase in the number of function evaluations per step.
Formulas are given in each case for differential equations in which the independent variable appears explicitly, and also for equations in which it does not appear.
There is an interesting chapter on the choice of step-size, and on changing the variable of integration, including the use of the arc length for this variable.
Nine ALGOL 60 procedures are given, some for first order and some for second order equations. Two of them change the variable of integration automatically, and one uses the arc length.
Five numerical examples are presented to illustrate various possibilities. Two involve van der Pol's equation, one consists of 15 second order equations, and another contains a singularity. One is used to show how a "virtually foolproof" strategy can fail in special circumstances.
A bibliography of 24 items is included. This delightful little book is within reach of everyone, both in price and in content, although some thought and patience will be required of the layman to realize the full rewards of a careful reading. It is an honest and apparently successful attempt at popularization of the "black arts" of computers. Because the book was written in 1963 and 1964 the latest fashions in computing now sweeping the field, namely, time-sharing and its corollaries, are only mentioned in passing. We can hope for an early revision to bring the laity up to date of tables and books on "personal computing-1966" as this book already promises to do for computing and the basics of programming with respect to the older techniques.
One of the strong points of this volume is its pleasant pedagogical approach. When words alone do not suffice, a concrete example is used "to fix ideas." These examples illustrate the points being made quite adequately without exhausting the intelligent reader's patience or endurance. The authors manage quite nicely to increase the reader's cultural background through the use of anecdotes and historical sidelights that go well with the lesson. This is often characteristic of gifted authors, perhaps a little more frequently with British writers than with others. One wonders why this is so.
For style and lucidity of exposition and for its skill in pleasing, useful communication, as well as its content, this book is highly recommended. The text is written in a clear and lucid manner and contains a glossary of terms (the lack of which sometimes occurs in the best of texts of this type). The problem exercises are interesting but rather limited in scope (many having evolved from medical applications).
The illustrations and flow charts are clear and well coordinated with the text, and a complete index is included. However, there is no discussion of the use of disc storage appropriate to some machine configurations and the material is scanty on the use and advantages of binary tape, an important medium for handling large amounts of data conveniently. The most serious criticism of the book concerns the complete lack of material concerned with the basic numerical problems associated with computing hardware. For example, when discussing the arithmetic IF statement, no material is presented on the use of a tolerance when comparing two floating point numbers. This presentation of the Fortran IV language appears to be geared toward researchers in the life sciences. This concise, compact book is a catalogue of the main features of and contrasts between Fortran II and Fortran IV. Other forms of Fortran such as that for the CDC 3600, for instance, are not included. It is characterized by a simple and uniform arrangement, clear type, sharp explanations, and freedom from extraneous material. Although an index would enhance its value as a reference, a very well organized table of contents serves almost the same purpose. Its compactness is achieved in part by relegating definitions to a glossary, with some words in the glossary referred to other definitions in the glossary. However, a great deal of the substance of the book is thus partially buried.
Howard Robinson
Although the author carefully points out that this book is intended for programmers and is not a "self-teaching device," it is not clear for whom the book is written. The omission or scanty coverage of a number of fine, technical details hardly supports the author's claim to a complete reference for programmers. For instance, in some systems, such as the Fortran II compiler for the IBM 7094 used until recently at New York University, the value of the index of a DO loop after a normal exit is equal to one plus the upper limit. In other systems it is equal to the upper limit. This author disposes of this point by stating that, upon a normal exit, the index of a DO loop is not available, which is not even correct. A number of other technical details, especially concerning formats and DO loops, are left unexplained. If it is indeed intended for programmers, these details are the only real essentials. One uses a reference to look up the obscure, not the elementary and obvious.
This book is probably most useful for a beginning student of Fortran, to be used with other texts and manuals, much as a student of French uses a bilingual dictionary.
Than Porter The title of the book (Algol-Theory and Practice) shows clearly that it is directed both to those interested in the theoretical aspects of algorithmic languages, and to application programmers who mainly want a reference manual.
The beginning (Chapters 1 and 2) gives the basic definitions and concepts concerning the structure of programs and the "ways of thought" responsible for the formulation of the Algol language. Although the material is very abstract, the authors have made a valuable effort to make the reading attractive by giving numerous examples.
The following chapters give a thorough description of the Algol language including a special chapter for Boolean expressions.
Finally, a whole chapter is devoted to examples and at the end a summary of the Algol syntax is given. This will probably be very helpful to those who need a reference manual.
The book should appeal to many people of different interests. Those interested in mechanical languages will appreciate the systematic presentation of the material. Advanced programmers will be interested in the detailed description of the Algol system and in the examples given. However, this is not an elementary book; far from that, beginning programmers should stay away from it lest they be con-
